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ABSTRACT 
Co-Cr films for perpendicular recording have been deposited by the toroidal plasma (TP) 
type sputtering method with applying a magnetic field by a solenoid coil, or by attaching a 
magnet to the outer pole to change the plasma state during sputtering. By applying the mag­
netic field by the solenoid coil, discharge current, film thickness and film composition, satu­
ration magnetization Ms of 480-800 emu/cc and coercivity He of 250-350 Oe in the films 
depended on the plasma state. On the other hand, by attaching the magnet to the outer pole, 
the magnetic flux distribution in front of the target plane was significantly improved. There­
fore, the applied voltage to electrodes was lower from 520 to 440 V at Ar gas pressure of 0. 2 Pa. 
The erosion profile of targets was changed. The variation in the film thickness and the Co 
content over the whole film plane were reduced. 
1. INTRODUCTION 
A conventional magnetron sputtering method was usually used for depositing Co-Cr films 
at high rate and low substrate temperature. However, in this method, the structure and the 
properties of Co-Cr films depend on the degree in plasma exposure and bombardment of high 
energy particles such as r-electrons and negative ions to the substrates [1]. Therefore, a 
toroidal plasma (TP) type sputtering method has been developed by the authors to avoid 
problems mentioned above [2]. From many years' experience, the largest problem in the TP 
type sputtering was the reduction of the magnetic field for confining plasma and r -electrons in 
the vicinity of the outer pole of the magnetic yoke, because a permanent magnet was only 
attached to its central pole. 
In this study, the effect of additional attachment of magnet to the outer pole on plasma state 
and properties of Co-Cr films have been investigated in detail. 
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2. EXPERIMENTAL PROCEDURE 
For this experiment, the· following two 
methods as shown in Fig. 1 were adopted in order 
to vary the plasma state in front of the target 
plane. ( I )  method (a): magnetic flux for con­
fining y -electrons and the toroidal plasma is 
produced by a Sm-Co permanent magnet (Br : 
8 . 2  kG, He: 7.8 kOe) attached to the center pole. 
The external magnetic field HE induced by the 
solenoid coil wound around the SUS-'304 
sputtering chamber is applied in order to vary 
the magnetic flux distribution in the vicinity of 
the target plane. HE is in the direction from the 
substrate to the planar ring target. (II) method 
(b): an extra permanent magnet is attached to 
the outer yoke in order to improve the magnetic 
flux distribution in the vicinity of the outer edge 
of the target plane. 
Co-Cr films of about 1 ,urn thickness have 
been prepared by the TP type sputtering method. 
The target with a purity of 99.9% was composed 
of a Co planar ring of 28 mm inner diameter, 94 
mm outer one and 2 mm thickness, a Cr cylinder 
of 27 mm diameter, 1. 75 mm thickness and 13 
mm length, and a Co disk of 27 . 5 mm diameter 
and 1 mm thickness. The Co to Cr areal ratio 
(I} method(a): only attached magnet to central 
pole and solenoid coil. 
(ll) method(b): additionally attached magnet to 
outer pole. 
Fig. 1 Schematic diagram of the TP type 
sputtering apparatus. 
was about 9 to 1. The distance between planar ring target and substrate was about 64 mm. 
The substrate was water cooled during film deposition. 
After the sputtering chamber was evacuated to a residual gas pressure below 9 X 10-5 Pa, 
Ar gas with 99 .999 % purity was introduced into the chamber. Sputtering was carried out at 
an Ar pressure P A, of 0. 2 -0. 5 Pa, DC input power P1 of 300 W and HE of 0-135 Oe with 
substrate temperature of 35-50 ° C. 
The erosion profile of the target was measured with a mechanical surface roughness 
detector. Film composition was determined by electron probe micro-analysis (EPMA). Crystal 
structure was analyzed with X-ray diffractometry using Cu-Ka radiation. The saturation 
magnetization Ms and the coercivity He at room temperature were determined using a vibrating 
sample magnetometer (VSM) which provided a magnetic field up to 15 kOe perpendicular and 
parallel to the film plane. 
- 38-
Takahashi·Ikeda·Naoe:Improvement of Toroidal Plasma (TP) Type Sputtering 
for Depositing Co-Cr Films on Plasma-Free Substrates 
3. RESULTS AND DISCUSSION 
3.1 Magnetic flux distribution 
Figures 2(a), and (b) show the differences of 
magnetic fields H" and H1. with distance R from 
center of composit target between method (a), 
and method (b), respectively. The subscripts " 
and 1. represent the directions paralled and per­
pendicular to the target plane, respectively. H4 
and H1. were measured along the lines of a1 -a2 
and b1-b2 at a distance of 4 mm above Co disk 
and planar ring, respectively. For this measure­
ment, HE measured at the central region on the 
surface of the Co disk target was fixed at 60 Oe. 
In both methods, at the point b1o that is the inner 
edge of Co planar ring, both of H" and -H1. had 
maximum values of 670 and 480 Oe, respectively. 
With method (b), Hf and H1. had maximum in· 
crease of 150 and 200 Oe at R of 4.7 em, respect­
ively as compared to method (a). The magnetic 
flux distribution in method (b) was significantly 
improved in the vicinity of the outer edge of the 
Co planar ring target Since the magnetic field 
was sufficient to confine r-electrons in the vi­
cinity of the target plane, a toroidal plasma could 
be more stably maintained with method (b). 
3.2 Effects of HE on film properties 
Figure 3 shows the dependences of discharge 
current 10 and film thickness 8 on HE for method 
(a). 10 increases from 0. 5 to 1. 8 A monoto­
nically with increase of HE in the range of 0 to 
120 Oe, where applied voltage VA between target 
and substrate was fixed at 400 V and P A, of 0. 5 
Pa. And then, Io decreased with further increase 
of HE. It has been found that the confinement 
of r -electrons in front of the target plane is 
more effective with increase of HE and the state 
of plasma may be adjusted by changing HE. 
Therefore, the Co-Cr films with various sture­
ture and properties can be prepared under the 
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Fig. 2 Differences of magnetic fields H" and 
H1. with distance R from center of 
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Fig_ 3 Dependences of discharge current Io 
and film thickness a on'external mag­
netic field HE for method (a). 
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state of plasma changed by HE. The dependence 
of lJ on HE was also investigated. Sputtering 
was performed for 20 minutes at PI of 300 W and 
PAr of 0. 5 Pa. when HE increases from 0 Oe, lJ 
steeply increases to a maximum of 1. 6 ,urn at HE 
of about 30 Oe, and then decreases monotonically 
to 1. 4 ,urn at HE of about 135 Oe It has also been 
found that lJ was changed by adjusting HE. It 
is very interesting to control the film thickness 
by the external magnetic field instead of other 
common sputtering parameters. 
Figure 4 shows the dependences of Cr con­
tent Xcr and Ms in the Co1-x-Crx alloy films on 
HE for method (a), where specimen films were 
deposited at PAr of 0. 5 Pa and PI of 300 W. Xc r 
increased monotonically from 11 to 14 at.% with 
increase of HE in the range of 0 to 135 Oe. X­
ray diffraction diagrams of the films indicate 
that most of them were c-axis orientation per­
pendicular to the film plane, though they have 
rather different composition. The relationship 
between Ms and HE was also investigated. As 
HE increased in the range from 0 to 135 Oe, Ms 
decreased monotonically from 800 to 480 emu/ cc. 
It has been found that Xcr and Ms varied by ad­
justing HE. The change of Ms may be mainly 
due to the change of film composition. It has 
been found from M-H hysteresis loops that the 
easy direction of magnetization in the films is 
perpendicular to the film plane. 
Figure 5 shows the dependence of He in the 
films on HE in the method (a) at P A; of 0. 5 Pa 
and PI of 300 W, where the symbols I! and l. 
represent directions parallel and perpendicular to 
the film plane. He" and Hcj_ are a function of 
HE. Hcj_ can be increased up to about 1. 5 times 
by not increasing substrate temperature, but 
changing the plasma state. 
3.3 Effects of outer pole magnet on film 
properties 
Figure 6 shows the relationship between Ia 
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Fig. 6 Difference in relatioship between Io 
and VA for methods (a) and (b). 
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and VA in methods (a) and (b). The sputtering 
apparatus in this work can operate at low ap­
plied voltage below 520 V even though PAr was 
as low as 0. 2 Pa. Moreover, a very stable dis­
charge can be maintained at almost a constant 
voltage lower than other sputtering methods. VA 
for method (b) was lower than that for method 
(a), also for magnetron sputtering with a gap type 
CoCr alloy target [3]. Such a lowering of VA is 
due to the improvement of the magnetic flux 
distribution as shown in Fig. 2. This appropriate 
magnetic flux distribution could suppress the ex­
cessive plasma exposure and r-electron bom­
bardment to the substrate and improve the target 
utilization efficiency. 
Figure 7 shows the cross sectional profile of 
an eroded target in the methods (a) and (b). The 
toroidal plasma shape was visually observed 
during sputtering. The erosion profile suggests 
that the TP type sputtering method is excellent 
for confining plasma in front of the target plane. 
For method (a), the heaviest erosion occured at 
the position where both H4 and HJ. were maxi­
mum as shown in Fig. 2. The surface of the disk 
target was slightly eroded. The outer wall of 
the cylinder was strongly eroded to the same 
extent as the planar ring target. On the Co 
planar ring target, the erosion became deeper 
erosion area 
(I) method (a) 
ao method{b) 
Fig. 7 Difference of cross sectional profile of 





j - 0.8 ..... 
.p 
El 



















Differences of radial profiles of 
normalized film thickness 8N and Cr 
content Xcr in films for methods (a) 
and (b). 
toward the inner radius. On the other hand, for method (b), the erosion of the outer cylinder 
wall was reduced as compared to method (a). The surface of the Co planar ring target was 
eroded uniformly. This suggests that the toroidal plasma moved towards the outer radius of 
the planar ring target. The erosion profile of the target in this study seems to depend on the 
magnetic field by the magnet attached to the outer pole. The target utilization efficiency in 
volume of the whole body can be improved significantly. 
Figure 8 shows the radial profiles of nornalized film thickness 8N and Xcr in the film for 
methods (a) and (b). For method (a), 8N decreased by 20 % with increasing R. For method (b), 
the decrease of 8N was smaller than that for method (a). 8N also depended on the magnetic 
field by the magnet attached to the outer pole. This indicates that the sputtered particles are 
uniformly ejected from the target surface, as the plasma was confined more uniformly in front 
of the target plane. 
For both methods, Xcr decreased monotonically within 3.5 at.% with increasing R. This 
may be due to the arrangement of both Cr cylinder and Co planar ring targets, that is, they 
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are perpendicular each other. For method (b), the change and the value in Xcr were smaller 
than for method (a). It is clear from Fig. 7 that the erosion profile changed. 
4. CONCLUSION 
The film thickness, the Cr content, the saturation magnetization and the coercivity in the 
films depended on the external magnetic field by the solenoid coil. 
By attaching the magnet to the outer pole, the magnetic flux distribution was improved 
and the erosion area of Cr cylinder target was reduced. Therefore, it is expected that films can 
be deposited with the toroidal plasma completely confined only in front of the planar ring target 
plane, without the cylinder target which is very difficult to produce. Homogeneous films can 
be deposited by only using a Co-Cr alloy planar ring target. 
Consequently, the improvement of magnetic flux distribution may be very effective to con­
trol the structure and properties of Co-Cr films for achieving more high density recording. 
ACKNOWLEDGEMENTS 
We would like to thank The Hokuriku Industrial Advancement Center for supporting our 
work. 
This paper was presented on the Intermag Conference held in Brighton, United Kingdom, 
Apri114-17, 1990 and also was presented on the IEEE Transactions on Magnetics, Vol. 26, No. 5, 
September 1990, pp.1611-1613. 
REFERENCES 
[1] Y. Niimura, S. Nakagawa & M. Naoe: IEEE Trans. on Magn., MAG-22, 5 (1986) pp.l164-
1166. 
[2] T. Takahashi & M. Naoe: IEEE Trans. on Magn., 2 5, 5 (1989) pp.4174-4176. 
[3] K. Ouchi, Y. Akao & S. Iwasaki: Tech. Rep. IECE Japan Group Meeting of Mag. Rec., 
MR84-6 (1984). 
- 42-
